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© Method tor production of phytato-rree or tow-ptiytate soy protein Isolate and concentrate. 



© A method by which phytate-free or towphytate soy protein isolates and concentrates may be prepared u 
disclosed along with the phytate-free or low-phytate soy protein isolates and concentrates produced- The 
method involves using a phyiate^degrading eniyme at a pM of from 2.0 to 6X1 at a temperature of from 2Q # C lo 
5S*C. 
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METHOD FOR PROOUCT10N OF PHYTATI-FREE OR tOW-PMYTATE SOY PROTEIN ISOLATE AMD CON- 
CENTRATE 

THe^sWiriventio^r^ 
pr<rteirrU6laiei and concentrate* may be prepared. The invention lurther relates to phytate-free or k>*- 
<phytate soy protein oolites and concentrates produced according to the metnods and processes of tne 

r pns*t* invention. ^ . 

s Phytic add is present in soy beam as in many other plant seeds. Phytic aod in plants appears «n the 
form of calcium, magnesium, and potassium salts, which m general are called phvtin. A targe pan ot the 
phosphorus content of seeds is stored in these compounds. For example, about 70% ot the total 
phosphorus in soy beans is accounted tor by phytin. When the terms phytato or phytic acid are used 
herein, it is intended to include sans ol phytic acid and molecular complexes of phytic aod with other soy 

to bean constituents. 

Phytic acid lends to form complexes with proteins and multivalent metal cations. Phytic aod complexes 
decrease the iwtritioiiaf quality of soy protein (for review, see e.g.. Roddy et at. Adv. food Res. 28:1-92 
(1982); Choryan. CRC Cm Rev. Food Set Nutri. 13397-335 (1980)). Phytic aod. because it interacts with 
multivalent met* csDonsTmKi^ aaswBtion by animals and humans of various metals such as 
n caJc^irorv and fine. This im^ 
Infants. 

Phytic acid also inhibits various enzymes in the Gastrointestinal tract including pepsin and trypsin, and 
decreases the digestibility of soy protein, m addition, the phosphate present in phytic acid is not available to 
humans. Moreover, the presence of a lelaovety large amount of such unavailable phosphorus m tfitant food 

to may load to inadequate bone rraneraiaaoon. 

fn typeal commercial soy protein isolation processes, defatted soy hakes or soy flour are extracted at 
pH values between 84 and tO.O to soUx&ze proteins. The slurry is centrifuged to separate the vnsotubie 
part from the solution. The major traction is recovered from the solution either by precipitating at a pH near 
the isoelectric point of the protein (4.5V, separating it by centrifugation. washing the preopiiate with water. 

« redispersing it at pH 7. and spray-crying it (see. e.g.. U.S. Pat Nos. 3.001.875 and 3.397.991) * such 
processes, phytic acid will follow the protein, and tends to concentrate in the resulting soy protem product. 
The phytic acid content ol commercial soy protem isolates is about 2-3%. whereas soy beans contain 1-2V 
phytic aod. 

Because of the world-wide importance of soy beans as a food source, there have been many attempts 
so to devise ways m which to reduce the phytate concentration of soy protein isolates and concentrates. 

Thus, various chemical and physical treatments and plant phytases. either indigenous phytase or wheai 
phytase. have been' used for preparing tow-phytate soy protein isolates from soy beans. Fermentative 
methods with living molds have also been studied as ways of decreasing the phytic acid content ol soy 
protem isolates- 

ss None of these methods, however, provides a quick and economical method lor production ol phytate- 
tree soy protein isolates without adversely affecting the Junctional properties of the protem. 

Bolfey et at U.S. Pat 2.732.395 describes a method for separation of phytic acid from various oU seeds 
with an aqueous extraction at a pH near the isoelectric point of the protein (about 4.5). Phytic acid is partly 
dissolved at this pH and is recovered. Protem is recovered by sotubilttng it at alkaline pK separating the 
40 insoluble portion, and precipitating the protein at a pM near the isoelectric point. The resulting protem 
fraction contained as much as 4% organic phosphorus. 

McKinnoy et at. J. Bid. Chem. 17B:1 17-132 0949). note that phytic acid dissociates from soy protem ai 
pH values between ihO^TTTwoTforms a precipitate that may be removed by centrifugation. 

Goodnight et at. US- Pat. 4.072.670. observe that an alkali-stable complex is formed between protein 
« and phytic actdVthe acidic conditions used by Bolley et at In an attempt to overcome this disadvantage, 
they describe precaution of the phytate at pH values a~iittle higher than those described by McKmney et 
at. i.e.. pH values between M.6 and 14. Phytate is then separated from the protein prior to proiem 
pTebpitati<>n at the protein isoelectric point tpH 4.5). One disadvantage of this process is that exposure of 
proteins to such an extremely alkaline phr adversely affects the nutritive value of proteins. Also, mere is a 
M tendency to increase the undesirable formation of lysinoalanine. In addition, commercial continuous 
centrifuges are unable to separate the very tight phytate precipitate formed at such a high pH. 

deRnam. UK Pat I 574 no. discloses methods by which the phytic acid content ol a soy protein 
isolate can.be decroased frcn».2% to 0.6%^ 

pH 80) is performed at pH 5 7 instead of pH 4.5. When soy proteins are extracted at pH 2.5 and recovered 
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at oH 4.5 me phytic acid content is reported to be 1.7%. 6y Performing the precipitation at pH 5.5. me 
otivbc acid content was reportedly decreased to 0.7%. The phytic add concentration of the isolate could be 
^creased to 0.2% by ejecting me protein at pH 11.5 and recovering it at pH 5.5 Mower, these 
methods tuff er from the drawback that me piote* yield is decreased by as much as 20%. which renders 
them co mm ercially impracticable. ^ _ 

deRham and JosL J. Food So. 44:596*00 0 979). observe that calcium ions enhance me preopiubon 
of sov protein at pH 1 i^TeTyToVphytoc ,acid concentrations could be achieved by extraction with 10% 
NaCI but these methods produced an isolate which is effectively unusable without desalting by dialysis or 
ultrafiltration. Moreover, also the protein yield according to these methods is low. 

|ftrfTt ^ « t a u s. Pet. 3.736.147. disclose a method of reducing phytate concentration m soy protein 
involvino vario*7hemical treatments in combination with uttrahtuation. The chemical treatments include 
„^h* ol phytic add by irio^ 

at tow pH or the use of EOTA at high pR These methods have several diseovantages. Soy globulins are 
known to dissociate into subunits and to be denatured at such tow pH values. The use of catoum ens at 
low pK values requires an additional ultrafiltration step tor salt removal. The high temperature (65 C> tn the 
pnytase method may decrease the soiubifity of the protein on either side ol the isoelectric point. The lowest 
phosphorous content achieved is not toss man 0.2%. which corresponds to 0.7% phytic add. The methods 
are also very tiine-corisuming (18-48 h ultrafiltrations). 

Puski at ti UK Pat AppL GB 2. 1 80.241. disclose a soy protein preparation method in which proteins 
are extracted!^ a PH of 6 to 10 and at a temperature above 65*C. The protein product contains less than 
about 0.3% phytic add- Again, however, such high temperatures may adversely affect the solubility and 
other functional properties Ol me proteins. 

Brooks and Morr. J. Food Sd. 47:1280-1282 (1982). disclose 8 method tor phyute removal trom soy 
protein isolates using i&T3ia7^7eatrnents. A confcmation ol cation and anion exchange processes is 
required tor effective phytate removal- A dialysis step is used to remove other nonprotein components. This 
method, however, would be unacceptabiy complex and expensive tor use on a commercial scale. 

EAxymes such as phytase. also have been used in the preparation ol soy protein isolates. For 
example. McCebe. U.S. Pat 3.733207. describes me preparation of a soluble protein fraction having a 
decreased phytic add content Proteins are sotuoiized in alkaline condiiions. and Wheat phytase is added 
after towenng the pH to about 5. The protein fraction not precipitated at pH 4.5 is recovered. The resulting 
protein, because of its sotubifity in acidic conditions, is suitable tor carbonated beverages. The enzyme 
treatment is long, however, requiring 24-36 hours. The phytic acid content of the protein is not 'Wrteo. 

Japanese AppL 50.130.600. assigned » AsaM Chemical tod. Kk, describes a process by which 60% of 
the phytic add in aqueous plant seed extracts could be removed by a combination ol wheat phyiase and 
cation exchange resin treatment. The lowest phosphorous content of soy protein achieved is as high as 
024% . which corresponds to 0.85% phytic add. 

Various fermentation processes have been proposed lor improving the odor, flavor or digestibility of soy 
products. Typical fermentation processes.' however, require an extensive amount of time, usually 24 hours 
or longer and substantially alter the functional or physical characteristics of the protein. 

Friend el al. U.S. Pat 4.642.236. describe a quick method tor improving soy product liavor. involving 
contacting soyprotein «m living mow pellets of Aspergillus or fthtoopus speoes. However, large amounts 
of mold -as much as i to to g - are needed per lOO g ol protein on a dry weight basis for effective results 
in treating an aqueous slurry. Also, sulphite materials conventionally used tn the extraction processes 
adversely affect the activity of the mold. _^_~u,m 

The use ol phytase has been described in the treatment of soluble soy protein contained m soy milk, in 
preparing soy mak. soy beans are soaked overnight, disrupted and filtered. Tlus filtrate is termed soy milk. 
After filtration, the soy milk typically is cooked to remove off-flavor expounds. 

Anno et al.. Nippon Shokuhin Koqyo Gakfcaishi 32f3):i74-l80 (1985). report elimination of 90% of the 
phytate co^u^ec^Tcoriurwc^ soyabean milk with wheat phytase. Nippon Shinyaku. Japanese Appi. 
59.166.049. report a method of decomposing phytic acid in soy bean milk with wheat phytase. using free 
and immobilized phytases. Fujiware et ai.. (Reports of Research Laboratory. Snow Brand Milk Products Co. 
no. 83 (1986) 31-41. Bel. FSTA 1 9 <7987) 9JU8). report improvements in soy milk digesobiUty won 
flhuopus sp. phyiase treatment 

B5obui phytases have also been tested « decreasing the phytic add content of foodstuffs without 

further processing to protein concentrates or isolates (Han and Wilfred. J. Agric. Food Cham. 36:259-262 
( t968)) Autoctaving <l2t ' C. I h> (aciktates the degradation of phytic add by Aspergillus hcuum phytase 
(85% oeo/aded). Such high ternperaturev. however.^al^^ 
and reduce its nutritional value. 
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qha^rtc&^&icMon' Btostrates tharcohsic^abfe" eflbrts have been expended to develop methods 
^to-iiduce lh» phytic acid content of soy protein. These method*, however, have suffered bom venous 
>~ drawbacks, including inefficient phytic ectd reduction, high cost long treatment time requirements, unaccep- 
Viable alterations of the treated protein, end tncc*itoaiabiiiiy with commercial soy protein processing 
s Cjechntques- 

<Zas a result there continues to be a need tor an improved method of producing phytate-free or tow- 
phytate soy protein isolates and concentrates which avoids these drawbacks, while allowing soy protein 

production on a practical commercial scale. ^ 

The present invention relates to novel methods and processes by which phytate-free or lowphytate soy 
to protein isolates and concentrates may be prepared. The invention further comprises phytate-free or low- 
phytate soy protein isolates and concentrates produced according to the methods and processes of the 



In a first aspect of the present invention there is provided a method of reducing or obrrunating phytate in 
a composition comprising soy bean protein, the methodwrnprising contacting a phytate Degrading enzyme 
with me composition fit TpH of from 2.0 to 6J0 * a temperature of from 20*C to 60"C. The method 
preferably has one or more of *>e toUowing features: 
v " a) the composition is a soy protein isolate or soy protein concentrate: 
b) the temperature is bom 4r>S5°C; 
c> the pH U from 4,5 to 5.5; 

d) the enzyme is added to the composition in the form of an enzyn* proparatton free of fiving matier. 

tor example cefls. such as micnxxgeiwms: ^ 

eT matobwning contact between, the soy bean protein and . enzyme for from 14) to 8.0 hours. , 

(preferably bom 2 to 6 hours. 

The enzyme preparation preferably ajmpnses^aj^yUse ^ by Aspergillus niger and or 

a substantially cell free. Suitably the enzyme preparation contains cetlutase and/or has tow proteolytic 
activity which Is particularly suitable for soy protein. A particularly suitable enzyme preparation is mat sold 
under the trade nwfcFlNASE* S by Aflco Uo\. Helsinki. Finland. 

A second aspect of the present invention relates to a method for producing an essentially phytate-free 
or low-phytate soy protein isolate or concentrate comprising: 

a^adtllng'en-e phytate degrading 

enzyme to a particulate soy bw wetor shtfry;^ 

b) v altowtng the phytate degradation to take place at a pH value of bom 2.0 to 6 0. and at a 
temperature from 20°C to 55°C: and 

c) isolating me resulting phytate-free or low-phytate soy protein. 

A third aspect of the present invention is a method of substantially eliminating phytate bom soy protein 
isolate or concentrate comprising: 

a) adding to a phytate-containing soy protein isolate or concentrate an enzyme preparation of 
microbial origin comprising at least one phytate degrading enzyme: and 

b) allowing phytate degradation to take place at a pH of from 2.0 to 6.0. and at a temperature of from 

i 2o°c to $$•(;. 

A fourth aspect of the present invention provides a method of producing an essentially phytate-free or 
tow-phytate soy protein isolate, comprising: 

a) suspending coarsely milled defatted soy particulate m an aqueous medium, suitably water, to form 
a suspension: 

i b) adjusting the pH of the suspension of step a) to bom 2.0 to 6.0. preferably about pH 5.0: 

c) introducing mto the suspension ol step b) a phytase reducing amount of FINASE* S; 

d) incubating the suspension of step c) for bom 10 to 8.0 hours (eg. 2-6 hours) at from 20*C to 50*C: 
a) adjusting the pH of the suspension of step d) to about 9.0. and incubating the adjusted suspension 

tor about I hour at room temperature: 
> f) separating the insoluble fraction from the suspension of step e>: and 

g) separating the soluble soy protein bom the suspension of step f ) thereby producing an essentially 
phytate-free or tow-phytate soy protein isolate. 

A fifth aspect of the present invention encompasses producing an essentially phytete-bee soy protein 
isolate or concentrate, or a soy protein isolate having a reduced phytate concentration, comprising: . 
\ a) suspending an amount of commercial soy protein isolate in an aqueous medium, to form a 

suspension: 

b> adjusting the pM of the suspension ol step a) to from .2.0 to 6.0. preferably bom 4.5-to 5.5; and 
more preferably aboufpH5.0f 
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i - m > nhvuM retiuono amooni of FlNASE* S; 

. c) »*o***Q into the ° ^T^^T^Lr, . eg 2< hours, at tmm 20*C to 

d) incubating me wtpenwon ot (tap e) lor from 1-0 " «• 

XS^^'** «-«0y pcodMong an ..oaaiiy 

Phy jrr^^n; rrr^r.? ^ *-.» — . — 

^TS-^e, of » p,.«« «~ . .. * "» P ' 0t8,n 

~J :S^T2R« . p— » -» - • 0M v,,ue 01 

surUbry about pH S.0: - AUvnsa raductao amount of FINASE* S: 

d) Moducing «to m. tutpensofi of ^> •^^'S^^T^ 4 1^. « from 2<«; to 
•) incubating the «utpeft*ion of ««p d) tor trow H> » M hours, eg. aoow no»» 

rri'S ess v^t&xzsz ri^.p^- 

4 hour*. «t from 20°C to SS^C; 
,s .) neutralizing tha solution ol step h): and ^ «« n tiai.v phytate-lraa or tow-phyute 

phyUUMree and tow-phytai. toy prote* oolates ™ imSamBM** lecfwque*. «oi 
an attendant improvement in me efficiency and J"*"*^, , * during the cowan P-oees-- 
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^t^^y possible pieces tor the eruymo treatment may make it easy tor the manufacture to 
13^wot^ o^ invention to their testing isolation process. Furth*. the methods of the present 
~^*7no, r«^o exposing the soy protein to highly alkafine conditions causing decreased iwtnbve 

Produce a very *ght suspended phytat. prostata that c*™ X 

f saoerated by commercial continuous separation equipment . 

^uVsdtfoonel edvantege of the present invention it met me soy prctem may not be exposed » "<9« 
H*™*l^™(ea ibovfTs-C) which may adversely effect the solubility and other functional pror-rw. oi 
eTstv^in^rod^ Moreover, mo memods d the invention avoid axpwmg mo soy proi«« » 'vmg 
E-Zr^.^* may eonttmin** into the so, protein product Exp-osrv. and time- 

„ " 1»<~ ™» ^»«ch^o. treatment, may be avod* by IT* metnoa, o. me 

^"p^-w-nion may trw provide simpto method, lor the p^*.** ol to-^-^ ^ 
itm «v main products without expensive chemical or physical treatments or equipment ™e preferred 
soWot wpweins. such •» soy tieen water slurry, is delanod soy bean parttartste. such as delanod 

'* ^t^f^^upMt of ma prewrtt invwitJon. phytic acid ia eliminated 1 by moans ol effective 
arnnardalv available bulk aoiymo wmpotibons. Phytata-dogr a o Tn g enzymes dophosphorylaia <now»- 
ZZftou^, to ywld inositol aril omwphoiph*.. «»v.r»J torma ol irxwln^ywsphate. be*vj the «,.<- 
rnaalate products- Wytate-rjegrading aiuyn^ i«*ude phytase and acid r*ospr^ 

- fS^Tand acid phojgjhatases are produced by various micrc<>ro^risfl» su* as £ 
Rta^^ iSS^WoCT,348-l357 ,1968: Enzyme Jto* 10^-^77-382 
nBBFanTpnyUse is .im -produced by variup. plant seeds, for example wheat during genrunauon. 
Aoordioo to method* known in the art. enzyme preparations can be obtained from the above mentioned 
omanrtml Caransa st »L fatherlands Pat Appl. 87.02755. tc^ that at the same enzyme dosage phytase 

- JZ Aspergillus tpo^Joareded phytic acid in com more efficiently lhan phytase Irom wheat 

ParSv^ erredto die purposes ol me present invention are die Kujse enzyme., lormerly 
t^.^tonueEP 43 enzymes. manufactured by AAo Ltd.. Rajamaki. Finland, these are descnbed m 
U.8. application Serial Number 2*22*3. filed Seplemberti 198a 

mSo»W produced enzyme preparations may also contain enzymes mat-degrade additional plant 
» rneterial such u enzymes wrmcenu^ 

contribute to the effects which are obtained by me methods ol the invention. , 

^present invemion may provide a method tor etirrJnating phytic acid not only Irom aeoiub*zed 
uJZiZa M soy milk or McCd*. soluble proteins, but also horn « insoluble prolyl* «* 
complex. This is • particular advantage ol the invention, since these complexes have tamed ss^ufioun 
* ^1 w* respect to oMarrvng high ptr^ ywlos with tow phytal. ^ tt ^ n ^J™° 
ccTOOjrtwi used the motnods ol the mermen is »l» capabt. of degrading pnyte »ad ^ the f**w 
of the amount ol sulphite materials conventionally used in me extraction procedure. 

Stated most simply, in its broadest terms me present invention comprises: 

(a) suspending defatted soy bean paniculate in an aqueous medium in (he presence ol an enzyme 
to preparation composing one or more phytate-degrading enzymes: and 

(6) soiasng the reauteng phylete-rree or low phylale toy protein. 
A preferred aqueous medium according to me present invention is -ater. suitably at neutral pM. bu 
those of skiD «* recogniw mat any suitable aqueous medium may bo employed with mee»erc«. of 
mubne skill. keep^^Tmind the particular r^mrements of me starting soy bean eartculate P<«P"»^ 
^ pral^emt»dim*>t ol the «v*,uon. the soy proteir, eolation proceu of »»p (b) above m.y 

irctude the loilowing: v ^ 

^^a» extraction of protem from me raw material in alKaiine conditions, between pH values 8 and 10: 

(b) separabng Oe^risol^ fraction containing carbohydrates by cor*enwal sofad separation «n-t 
processes s*xh as 6toat»on or centnfuoation; _ 

so (c) procipiuting soy protem at acidic conditions, between pH values 4.5 and 5 A 

v (d) recovering the proteins by conventional seed separation unit processes: 

|e) washing the proteins with acidic water, at the same pH as used tor precipitation: and 
rf) drvina the proteins. 

The enzyme treatment tor phytic add removal can also be appbed to soy protein isolates or 
ss concentrates after isolation (see example 4). This treatment may iixiude the following steps. 

(a) suspend.no the protein isolate or concent/ate with water m the presence of an enzyme preparation 

comprismg one o/^ " \ . " ' ' 

. Cb) direct use of the protein slurry in food applications or further tiandbng. e g., drying of the pcote.n. 
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The enzyme can also bo added direct* to food, tor eas*t^ Wert torrnuta. 

The methods of the present invention may be performed at pH values of from 24 to 6 A such as from 
3.5 to 5.5. end preferably from SjO to 55. Preferred temperatures according to the present invention are 
from 2PC to 60*C. such as about 40°C or from SPC to $5*C being more preferred. The methods of me 
s present invention prevent the formation of an aikal*tsble protein-phybc aod complex in the acidic 

""cfr^a^^ rec^j^ depWuw the phyi* ^ 

facjdicoritent of.the.raw material and -the reaction corioWonsJ fo^ can easily be estimated by a . 

person stifled in the art.^erabry. the eruyme preparation a>mpnses -*uch an_anwurt of one or. more 

to ^^ate-<leQreding enzymes thai, the phytic acid in soyabeans, is substantia^ degraoed. The present 
^venbon may provide an easy and cCflunereiaUy attractive method tor preparing ic^phytate and phyute- 
tree soy protem isolates without exposing the proteins to high alkalinity which decreases their nutritive value 
and at which • very fight, suspended phytate precipitate, which cannot be separated with commercial 
continuous separators, is formed, tt may also provide a method for preparing phytate-free soy protein 

is isolate without exposing the proteins to temperatures above 65*C. which may affect the solubility and other 
functional properties of the protein. Also unnecessary contact of soy protein with living microorgarusms and 
expensive and time^onsunwg purification steps, such as ultrafiltration and iort*xchange treatments may 
not be required. 

It is to be understood that preferred features and characteristics as described above are applicable for 
so w aspect of the presem*v«nt»on 
In the accompanying drawings: 
Figure l is a graph showing the effect of pM on the sctivity of Finase composition of phytate- 
degrading enzymes. The pH effect was measured at 40*C after a 1 5 minute incubation, in 0.2 M citrate ipH 
15 - 6.5) and 0.2 M gtycme-HQ (pH 2-0 • 10) buffers; and 
is Figure 2 is a graph showing the effect of temperature on the activity of a Finase composition of 

phytate-degrackng enzymes. The temperature effect was measured after a 15 minute incubation **0iM 
curate buffer*, nH 5.5. 

The eivention win now be described by way of examples which are not intended to be limiting on the 
present invention. 

x 

• COMPARATIVE EXAMPLE 1 



» The Activity of Phyttte-Oograding Enzymes at Different pH Values and Temperatures 

This example shows the eHect of pH and temperature on the activity of commercial phytate^egrading 
enzymes. Finase enzymes of Aiko Ud-, Raiamaxi. Finland (Figures i and 2).. ., _ 

Phyttte^egri^ectrvity.wes determined by using 1% sodium phytajejSigrna, St Louis. Missouritas^ 
« ^asuostrttel^ enz^ release, 
fpt&phate groups ^ from p>tytatei>The c^termmation of the released irxxganicl^xjsphorous is based on the 
color formed by the reduction of a pfmsorioritf ybdate complex. 

Figures t and 2 show that the Finase enzymes degrade phytate over a broad pH range from 2.0 to 6.0 
and at temperatures under 60'C. Optimal and preferred pH ranges are between about 5.0 and about 5.5. 
«3 Optimal and preferred temperatures are between about 50 and 60* C. Variations from these optimal ranges 
are. of course, possible, depending upon the particular needs and requirements that will be apparent to 
those of skill. Such variations are to be understood as being within the intended scope of the present 
invention. 

so 

COMPARATIVE EXAMPLE 2 



{' Production of Low Phytate Soy Protein Isolate oh a Laboratory Scale 

» v s™—^— - > 

Twenty g ol defatted soy flaxes (Unilever. Amsterdam. Thejtothertends) were miOed coarsely and 
- suspended with 300 ml ol waterr The pH was adjusted to 5.0 and an amount * ruiaa* $ mM 9aM Ki ihe\ 
'ixf^Phyiate-degrsoing activities are a major compon e nt of mis enzyme preparation, m the control test no 



7 



9 
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M»m«°«u iddad.Suipen*on»«^«ia*atodtor 4 howi m aihaltor at 40"C. 

>h. ewmo dotages v* preiented U phyUte-ooo.iO.ng unto? Hakes One phyuie-OeQrading u»t (. 
PU) ™ »T«rno««rt*^ 1** I nmoi of iwjwe phosphorous Irom »*um phylato per 

minute under standard conditioni (40' C. pH 55). 

^/UtMiM wwynM waimofrt. tha pH km adjusted to 9.0 and the suspension was incubated tor hour at 
rgom^mperZi: T»» in**** tracton «as removed by centriluoauon. The protons ««e pr*c.p«a*d 
IT bT£»nuu« by adjust rn.pH.4J.-n* proW «« t"""* e-m^uon and 
traue-dried Protein yield and pnytate contents ol the protein fraction were determined. 
^Xn^Vth. rTZ^ theprot^rn^wu e^Ktedwitn „ «** *«* to rJO 
minute, «t mm temperature. Phytic add wa* men pracipiiatad trom »• ejw supernatant 
cMM*. f*n* tons ««• romoved by preapiaaon with sod«n hydroxy. Pnyttt. — 
HPLC (hfah Performance liquid Owomitogrjpriy) using sodium phyttte a* a standard. Table i shows die 
rendu* phytic acid content of the proawa end the protein yietdi (dry 

TABLE 1 • 



PhyUte Concentration and Protein 

Yield Achieved by Soy Protein 
Isolation According to the Invention 
on • Laboratory Scale 


c Fmas« dosaQe 
snakes;; 


Phytic 
abd% 


Protein 
yields 


0 




25 




0.6 


26 


e.75p_^ 


OX) 


24 



Table I shows that by using (he proas* of the invention phytate-free soy protein isolates can be 
achieved while maintaining high protein yields. 



COMPARATIVE EXAMPLE 3 



to 



Production of Low Phytato Soy Protein Isolate on a Pilot Scale 

Fifteen kg of defatted soy flakes (Unilever. Amsterdam. The Netherlands) were milled coarsely and 
suspended in 235 I of water. The pH was adjusted to 5.0. and Fmase* S was added at a dosage of lOOO 
PU/g soy (takes, in the control lest, no Fma*e« S enayme was added. The suspension was »ncubated for 4 
hours at 40' C with agitation. After the enzyme treatment, the pH was adjusted to 9 0 wiih NaOH flakes and 
the mixture was incubated tor t hour without heating. After the alkaline extraction the mixture was cooled 
and the insoluble fraction was removed by drum filtration. Protein was precipitated by adjusting the pHto 
4.5 with 30% H,PO.. The precfpKate was recovered by separation and washed with water at pM 4.5. The 
separated protein fraction was treeze-drted. - 

The phytate content of the protein and the protein yield (dry weight basis) were determined. The results 
are shown m Table 2. 
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TABLE 2 



Pftytate Concentration and Protein 

Yield Achieved by Soy Protein 
Isolation According to the Invention 
.on a Pilot Scale 


finase dosage 
PUgsoy 

flakes 


Phytic 
atfd% 


Protein 
yield % 


0 


1* 


22 


1000 


0j6 


21 



r* 

Table i shows thai using (he process of the invention on a large scale, tow-phyute soy protein isolate 
can be produced without e sacrifice in protein yield. 

* COMPARATIVE EXAMPLE 4 



Reduction of Phyiate content of Soy Protein isolate 

19 Ten g of corrvneraaJ soy protein isolate (Purina Protein 1500.J5L Louis. Missouri) were suspended m 
100 ml of water. The pH was adjusted to W. and Rnase^Slwai added at dosages of 150. 500, 1000 PU g 
prote n: ti me contro l test no erayme wm at 55* C. 

After Rnase treatrnenL the pH was adjusted to 43. and the proteins were recovered by centnfugauon 
and treexe-dried. The phytste content of the protein isolate and the protein yields (dry weight basis) were 

* determined. Results are shown in Table 3. 



TA8LE3 



Phytato Reduction and Protein Yield 
• Achieved by Treatment of Soy 
Protein isolate According to the 
Invention on a Laboratory Scale 


rnase dosage 

Wgsoyjf 
Wakes x 


Phytic 
aod% 


Protein 
yield % 


^150 > 
^500 n' 


ij8 
t.l 
OJO 
0.0 


89 
88 . 
86 
64 



Table 3 shows mat phytaiHree soy protein isolates can also be produced by treating soy protein 
*° isolates with prtyttte-oogreding enzymes after the protein isolation. 



COMPARATIVE EXAMPLE 5 

ss . 

Reduction in inositol Phosphate . Acftteveo bv Soy Protein Isolation According to the Invention 

Twenty g of defatted soy flakes (Unilever. Amsterdam. The Netherlands) were milled coarsely and 
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suspended with 300 ml of water. The pM wis adjusted to 9.0. end me suspension wis incubated for i hour 
at room temperature. The insoluble traction was removed by centrifugetion. 

The pH of the supernatant was adjusted to 5.0. and an amount o* Finase* S was added to the slurry. 
Phytate-dogreding activities are a major component of this enzyme preparation. The suspension was 
incubated tor 4 hours at 55' C. tn the control test no enzyme treatment was conducted. 

The enzyme dosages are presented as phytate degrading unrts-g nakes. One phytats-degrading unit p 
PU) is the amount of enzyme wnich^ liberates 1 nmol of inorganic phosphorous from sodium phytate per 
minute under standard conditions (40* C. pH 5.5). 

The proteins were precipitated from the suspension by adjusting the pH to 4.5. The precipitate was 
recovered by centrifugation and freeze-dried. Protein yield and inositol phosphate contents of the protein 
traction were determined. 

The inositol hex*, pent*-, tetrs- and triphosphates were determined according to the method of 
Sandberg el aL J. Food Sti. 54:159-162 (1089). Table 4 shows the contents of residual inositol phosphates 
of (he protelhs~and the protein yields (dry weight basis). 

' TABLE 4 



inositol Phosphate Concentrations and Protein Yield Achieved by Soy 
Protein Isolation According to the invention on a Laboratory Scale 


Rnase dosage Protein 
yield PUrg soy flakes 


IP3 
umot'g 


IP4 

umoig 


IPS 
umoVg 


IP$ 

umoig 


(%) 












28.2 


0 


0.00 


1.97 


2.58 




261 


500 


0.00 


0.00 


0.00 


0.00 



Claims 

1. A method of reducing or eliminating phytate in a c om po s it io n comprising soy protein, the method 
comprising contacting a phyuto-degrading enzyme with the composition at a pH of from 2.0 to 6.0 at a 
temperature of from' 20°C to 60°C. 

2. A method as claimed m claim 1 composing: 

a) adding an enzyme preparation of microbial origin comprising at least one phytate degrading 
enzyme to a paniculate soy been water slurry or a phytate containing soy protein isolate: 

b) allowing phytate degradation to take place at a pH value of from 2.0 to 6.0. and at a temperature of 
from 20°C to 55°C: and 

c) in the case of the slurry, isolating the resulting soy protein. 

3. A method as claimed in claim 1 or 2. wherein the enzyme originates from Aspergillus spp.. Rhizopus 
sop ., or yeast. 

4. A method as claimed in claim 1. 2 or 3 compnsing: 

a) suspending coarsely milled defatted soy paniculate in an aqueous medium, to form a suspension: 

b) adjusting the pH of the suspension to from 2.0 to 6.0. preferably from 4.5 to 5.5: 

c) introducing into the suspension a phytase reducing amount of RNASE* S; 

d) incubating the suspension for from 1.0 to 8.0 hours, at from 20*C to SO°C: 

e) adjusting the pH of the suspension to about 9.0. and incubating the adjusted suspension for about 
1 hour at room temperature: 

f) separating an insoluble fraction from the suspension: and 

g) separating the soluble soy protein from the suspension. 

5. A method as claimed in claim I. 2 or 3 compnsing: 

a) extracting protein from a defatted particulate soy bean aqueous suspension having a pH value of 
from 60 to 10.0: 

b) Temoving>hy~irisolubto material "ffcVn'the^uspension: 

c) adjusting the pH of the suspension to from 2.0 to 6.0: 

10 
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« introducing MO *• tuvansoo ■ phytMO **«*<Q '^^flS'^l^ * 

pradpiui* •» pratatn and «p»rt«nQ *• P^ewittttd pitto* to P*oouw 

Brtirtnm solution. 



suspension: 



from 8jO to KM); 

Kk imuidflfl mv insoluble malarial from the suspension; . 

orottto end an aqueous tobtion: . 

I) foawerttw tho preapiuwd protwn in w tquaous jolution; 
n KSwwg t» pH o< th« •queow wMion to iron. 2* lo 

5S3SSJ"" «*» •« • - 0 » *° * "• m 

QiMutraliangMMlution: 

9. A motttod o$ diirood in dtim 1 1wwtQ ono or ^Lw!iilMS«'^ 
. )( h.corr*x>i^H««ovPrt»»*i*o^^ 

b) tw tampwatiM it mm 

c) Die pH i» from *S to .-mm •y.ovation Ira* o« Swng manor. 

d) twtnqMis oddod 10 *• cornposnwi in fto lorm of w oniyn»o proportion iro. «* 

^ "tES^n-c. Detwoon the toy bof pnwai ind eroyrra tor trom '0 to 8.0 ho... 
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